Severe community-acquired pneumonia (CAP) is present in up to 19% of hospitalized patients with CAP and still carries a high morbidity and mortality. A French multicentre study of severe pneumococcal CAP patients admitted to intensive care units (ICU) reported an overall mortality rate of 29% \[[@CR1]\]. The high mortality of severe CAP occurs despite the fact that the majority of patients receive an early and adequate antibiotic treatment. This is probably due, in part, to an imbalanced and disproportionate local and systemic inflammatory response that contributes to impairment of gas exchange, sepsis and end-organ dysfunction.

In humans, intravenous corticosteroids attenuate the local and systemic inflammatory response \[[@CR2]\]. In a model of *Pseudomonas aeruginosa* pneumonia in mechanically ventilated piglets, we observed a lower lung bacterial burden and less severe histological pneumonia in animals treated with corticosteroids plus ciprofloxacin than those who did not get corticosteroids \[[@CR3]\].

Since 1955, multiple randomised clinical trials (RCTs) have assessed the efficacy of adjuvant treatment with systemic corticosteroids in patients with CAP. Among these, treatment with hydrocortisone resulted in a striking decrease in mortality in patients with severe CAP \[[@CR4]\].

Until now, ten meta-analyses about corticosteroids in CAP have been published, with assessment of mortality \[[@CR5]--[@CR14]\]. Four focused on severe CAP \[[@CR5], [@CR7], [@CR12], [@CR13]\] and four others \[[@CR6], [@CR9]--[@CR11]\] analysed severe CAP as a subgroup. In seven of these eight meta-analyses that evaluated patients with severe CAP, mortality was significantly decreased, with odds ratios ranging from 0.21 to 0.64. The length of stay was significantly reduced in the nine meta-analyses that assessed this outcome (in one it was not searched for \[[@CR6]\]). Time to clinical stability was reduced by about 1 day in four meta-analyses \[[@CR8]--[@CR10], [@CR14]\], while this reduction was not estimated quantitatively in another one \[[@CR11]\], and this information was not assessed in the remaining five studies. In five out of seven studies that reported the data, hyperglycemia was significantly more common in the treatment arm. Gastrointestinal bleeding was not increased by the use of corticosteroids in the six meta-analyses in which it was specifically investigated. Table [1](#Tab1){ref-type="table"} summarizes the characteristics and findings of these meta-analyses.Table 1Summary of the most relevant characteristics of meta-analyses published that have assessed the effects of corticosteroids in patients hospitalized with community-acquired pneumonia with the main outcomes reportedAuthorYear*N* RCTs*N* patientsMortality^a^Mortality (SCAP)^a^LOS^b^TTCS^b^Hyperglycaemia^a^GI bleedingOther side effects^a^Siempos20088189 SCAP--0.21 (0.05--0.83)Reduced (NE)--------Nie2012910010.62 (0.32--1.04)0.26 (0.11--0.64)----2.64 (1.68--4.15)SimilarSimilar superinfectionCheng20144264 SCAP--0.39 (0.17--0.90)Decreased In ICU----Similar--Siemieniuk20151219740.67 (0.45--1.01)--− 1.00 (− 1.79 to − 0.21)− 1.22 (− 2.08 to − 0.35)1.49 (1.01--2.19SimilarMV: 0.45 (0.26--0.49) ARDS: 0.24 (0.10--0.56)Horita20151017800.80 (0.53--1.21)0.41 (0.19--0.90)− 0.98 (− 1.26 to − 0.71)− 1.16 (− 1.73 to − 0.58)Increased (NE)----Marti20151420770.84 (0.55--1.29)0.47 (0.23--0.96)0.89^c^ (0.70--0.89)0.89^c^ (0.84--0.94)1.59 (1.06--2.38)SimilarMV: 0.41 (0.29--0.60)Wan^d^2016916670.72 (0.43--1.21)0.64 (0.32--1.29)Reduced (NE)Reduced (NE)SimilarSimilarARDS: 0.21 (0.08--0.59)Bi20168538 SCAP--0.46 (0.28--0.77)− 4.76 (− 8.13 to 1.40)--SimilarSimilarMV: 0.50 (0.27--0.91) ARDS: 0.23 (0.07--0.80)Wu201710729 SCAP--0.49 (0.29--0.85)− 4.11 (− 6.61 to 1.81)--------Briel201761506 (individual)0.75 (0.46--1.21)--− 1.15 (− 1.75 to − 0.55)− 1.63 (− 1.62 to − 0.43)2.15 (1.60--2.90)--CAP-related re-admission 1.85 (1.03--3.32)*RCT* randomised clinical trials, *SCAP* severe community-acquired pneumonia, *NE* not estimated, *LOS* length of stay in hospital, unless otherwise stated, *TTCS* time to clinical stability, *GI* gastrointestinal, *ICU* intensive care unit, *MV* mechanical ventilation, *ARDS* acute respiratory distress syndrome^a^Values correspond to odds radios or risk ratios, with 95% confidence intervals in parentheses^b^Values correspond to weighted mean differences in days, with 95% confidence intervals in parentheses^c^Values correspond to geometrical mean ratios, with 95% confidence intervals in parentheses^d^This study also included six cohort studies with 4095 cases, but estimates are reported only from the nine RCTs

Despite the benefits observed in the meta-analyses and a reasonable frequency of side effects, the use of corticosteroids in CAP is still controversial and not routine. There are pitfalls in some of the RCTs included in these meta-analyses. First, the inclusion of patients with low severity may not be informative, since these patients have a low mortality and consequently it is very difficult to demonstrate differences in important outcomes such as treatment failure and mortality. Second, while critical illness-related corticosteroid insufficiency was not systematically assessed in these studies \[[@CR15]\], few limited inclusion to those with high initial degrees of systemic inflammation. According to the rationale of using steroids in CAP, a high inflammatory response is necessary to benefit from this treatment. Patients with a high inflammatory response, i.e. high levels of C-reactive protein (CRP), have higher rates of treatment failure and mortality \[[@CR16]\]. Third, the dosages, the type and the length of treatment are very different among RCTs, which makes it very difficult to establish comparisons among them. Fourth, the primary endpoints are different between studies and some of them, such as length of stay or even time to clinical stability, could be considered "soft", since the former depends on other variables and the latter is driven by the persistence of fever, which in fact is downregulated by corticosteroids. Finally, it should be noted that the small sample size of some individual studies included in these meta-analyses is a limitation.

We performed a RCT \[[@CR17]\] comparing methylprednisolone (0.5 mg/kg b.i.d. during 5 days) vs. placebo; but unlike other studies, we only included severe CAP patients and those with a high systemic inflammatory response, defined by CRP \> 15 mg/dL. Also, rather than using mortality as a primary endpoint, we chose treatment failure, since it is associated with higher mortality of CAP. We also monitored the systemic inflammatory response, using different biomarkers, until day 7 after the inclusion of patients in the trial.

Our results showed a decrease in the treatment failure rate. The reduction in treatment failure was more evident in late treatment failure, defined as radiographic progression or persistence of respiratory failure, development of shock, need for invasive mechanical ventilation not present at baseline or death between 72 and 120 h after treatment initiation, and was especially clear for radiographic progression. Mortality did not differ significantly between groups, but the study was not powered for this endpoint. Despite the fact that we did not observe a rebound inflammation 2 days after corticosteroid discontinuation in CAP, we cannot exclude such a complication after longer periods of treatment without tapering.

After reviewing all the meta-analyses published and considering our own findings, we believe that it is now time to start introducing treatment with corticosteroids to selected ICU patients with severe CAP. We recommend selecting severe CAP patients with a high inflammatory response, as measured by CRP, at similar dosage and duration as we used in our RCT \[[@CR17]\]. Methylprednisolone, prednisone or hydrocortisone at equivalent dosage appear similarly effective. Despite the fact that we excluded patients with influenza pneumonia in our trial because of data suggesting that corticosteroids are associated with increased mortality in influenza pneumonia, this association may not be present when adequate adjustments are made for time-dependent differences, and therefore these patients probably should not be excluded from corticosteroid treatment. In the future, we may find that other biomarkers are more specific in identifying patients who most benefit from this therapy, and we may have new therapies that are more selective regarding their anti-inflammatory impact on pneumonia.

We also need more data on the possible effect of corticosteroids on other viral pneumonias caused by adenovirus, rhinovirus, respiratory syncytial virus or others such as MERS. On the basis of the available data, we believe that corticosteroids are useful in specific patients with severe CAP and can help to decrease length of stay, time to clinical stability, treatment failure and possibly mortality.

This study was supported by Grants SEPAR, FUCAP and SOCAP, 2009-SGR-661, IDIBAPS, ICREA academia 2013, Instituto de Salud Carlos III (PI15/00506), CibeRes (CB06/06/0028)-ISCIII.
